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Introduction
Pancreatic cancer, the fourth leading cause of cancer-related death in this country, has a dismal 5-year survival rate. One core phenotype shared by all pancreatic ductal adenocarcinomas (PDA) is their ability to avoid programmed cell death (apoptosis), 1 which aids in the increased ability of PDA cells to survive, grow and develop drug resistance mechanisms. Apoptotic modulatory genes are regulated via different mechanisms (e.g., transcriptional, post-transcriptional and post-translational events). 2, 3 Although it is well established that apoptosis is dysregulated in pancreatic tumorigenesis, 1 the molecular mechanism behind the aberrant apoptotic response of PDA cells is relatively unknown.
Death receptor 5 (DR5, also known as TRAIL-receptor 2, TRAIL-R2 and TNFRSF10B) is the main, initiating component of the death factor/death receptor (extrinsic) apoptosis pathway. Upon ligand exposure, DR5 triggers apoptosis in a caspase-dependent manner and is currently being explored as a "druggable" target in multiple cancers, including pancreatic cancer. 4 
TNF-related apoptosis ligand (TRAIL) is the natural
Apoptosis is one of the core signaling pathways disrupted in pancreatic ductal adenocarcinoma (pDA). Death receptor 5 (DR5) is a member of the tumor necrosis factor (TNF)-receptor superfamily that is expressed in cancer cells. Binding of TNF-related apoptosis-inducing ligand (TRAIL) to DR5 is a potent trigger of the extrinsic apoptotic pathway, and numerous clinical trials are based on DR5-targeted therapies for cancer, including pDA. human antigen R (huR), an RNAbinding protein, regulates a select number of transcripts under stress conditions. here we report that huR translocates from the nucleus to the cytoplasm of pDA cells upon treatment with a DR5 agonist. high doses of DR5 agonist induce cleavage of both huR and caspase 8. huR binds to DR5 mRNA at the 5'-untranslated region (UTR) in pDA cells in response to different cancer-associated stressors and subsequently represses DR5 protein expression; silencing huR augments DR5 protein production by enabling its translation and thus enhances apoptosis. In pDA specimens (n = 53), negative huR cytoplasmic expression correlated with elevated DR5 expression (odds ratio 16.1, p < 0.0001). Together, these data demonstrate a feedback mechanism elicited by huR-mediated repression of the key apoptotic membrane protein DR5. ligand for DR5 and binding induces death in malignant cell lines while normal cells are spared, making TRAIL an attractive cytotoxicity agent. 5, 6 Several TRAIL ligand variants and antibodies specific to DR5 (agonists) are currently being pursued in pre-clinical experiments and clinical trials (three trials specifically in the pancreas). 7 While several DR5 agonists have made their way to clinical trials, an unidentified, ubiquitous resistance mechanism is believed to be the reason why targeting these molecules have been relatively ineffective in the clinic. Multiple cancer cell lines both in culture and in vivo have proven to be resistant to TRAIL therapy. 8 Several hypotheses behind the cause of this resistance include: (1) mutations in the TRAIL receptor; 9 (2) competitive binding at the receptor by decoy receptors 10 and (3) inhibition of caspases and apoptosis via different gene products. 11 Yet, despite these hypotheses, the field has been hampered by an unexplained cancer cell resistance to DR5 targeting and the inability to define a stratifying predictive marker for DR5-directed therapy. 12 Thus, before we can dissect the regulatory mechanisms responsible for resistance, there is pressing need to more fully understand the post-transcriptional PL45 cells had the highest level of endogenous DR5 expression but all tested cell lines had some baseline DR5 expression (Fig. 1A) . The association of HuR with endogenous DR5 mRNA was assessed by ribonucleoprotein-immunoprecipitation (RIP) assays as previously described. 19, 26 The results were normalized to GAPDH or 18S, both accepted internal controls for total RNA levels. 19, 27 As a positive control, cells were treated with gemcitabine and the levels of dCK, a known mRNA binder of HuR, were shown to be upregulated (12-fold) in the HuR-IP group compared with the IgG (control) group. 19 Gemcitabine treatment also resulted in an increase in DR5 mRNA levels in the HuR-IP group (Fig. 1B, top) . Similarly, after treatment with DR5/TRAILR2 monoclonal antibody, DR5 mRNA levels were strongly enriched (12-to 48-fold) in the HuR-IP group as compared with the IgG IP group (Fig. 1B, bottom) . By isolating RNA bound to HuR and comparing it to RNA bound to IgG, this data demonstrates that DR5 mRNA is bound to HuR when stressed by either DR5/TRAILR2 antibody or by gemcitabine.
HuR's post-transcriptional regulation of death receptor 5 in pancreatic cancer cells
Treatment of MiaPaCa2 cells with HuR siRNA resulted in a 50% reduction in HuR mRNA levels (Fig. 1C) . This modest reduction in HuR levels led to an upregulation of DR5 mRNA 24 h after transfection (Fig. 1C) . At 36 h after treatment with HuR siRNA, the level of DR5 mRNA is similar to the levels seen after treatment with control siRNA (data not shown) signifying that this increase in DR5 mRNA may be a transient effect. PARP-1 cleavage was utilized to validate that treatment with DR5/TRAILR2 monoclonal antibody (0.03-0.08 μg/ml) triggered apoptosis (Fig. 1D) .
Silencing HuR upregulates DR5 protein expression in PDA cells. Having discovered an association between HuR and DR5 mRNA, we next examined HuR regulation of DR5 protein expression. MiaPaCa2, BxPC3 and PL5 cell lines were treated with HuR siRNA. Two PDA cell lines, MiaPaCa2 and BxPC3, exhibited a dramatic 4-fold increase in DR5 protein levels at 48 h post silencing when HuR levels are decreased by HuR siRNA treatment ( Fig. 2A) . However, HuR silencing in PL5 cells did not affect DR5 protein levels compared with control transfections ( Fig. 2A) . To confirm these results, flow cytometry was used to analyze the cell surface expression of DR5. In both the MiaPaCa2 and PL45 cell lines, there was an approximately 10% higher mean fluorescence intensity (MFI) of DR5 in the HuR siRNA group compared with the control siRNA group (Fig. 2B) . This trend was lost in the PL5 cell line with no difference in the MFI between the two groups ( Fig. 2C) , consistent with the immunoblot data ( Fig. 2A) . These results show that in three of the PDA lines studied (i.e., except for PL5 cells where HuR did not regulate DR5 protein levels) HuR has an inverse relationship with DR5 protein expression. Similarly these findings appear to correlate with DR5-agonist sensitivity and resistance.
HuR binds to the 5' UTR of DR5 mRNA. In order to determine if HuR regulates DR5 mRNA through direct interaction and to map the region of interaction, the DR5 5'-and 3'-UTRs (Fig. 3A) were subcloned into luciferase expression constructs and transfected into MiaPaCa2 cells. A positive control construct was designed using a CAG promoter to ubiquitously drive luciferase. The 5' UTR-DR5 construct (pCHEK.5UTR) showed regulation of DR5 acutely as resistance sets in, which is the main focus of this current study.
HuR (ELAV1) is an RNA-binding protein that regulates post-transcriptional gene regulation and was previously shown to be implicated as part of pro-survival and anti-apoptotic networks. 2, 3, 13 HuR is primarily localized in the nucleus. In response to specific stressors, HuR can transiently traffic to the cytoplasm, where it facilitates the stabilization and translation of mRNAs encoding key survival proteins.
14 Mechanistically, HuR regulates mRNA cargos that typically contain U-or AU-rich sequences in the 3'-untranslated region (UTR).
14 HuR affects several of these target mRNAs specifically related to the tumorigenic process including VEGF, p21, cyclins A and B1, COX-2, HIF-1α and p53 mRNAs. 3, 13 Notably, there are also examples of HuRrepressed mRNAs, such as those that encode IGF-1R 15 and p27. 16 HuR associates with the 5' UTR instead of the 3' UTR of these two mRNAs and represses the translation of the encoded proteins. In general, the influence of HuR on target mRNAs provides a survival advantage for the cell.
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In relation to anticancer drug efficacy, HuR was recently linked to the historically important nucleoside analog, gemcitabine (Gemzar), used for the treatment of pancreatic cancer. Gemcitabine continues to be backbone of standard of care and experimental regimens for the treatment of PDA, regardless of pathologic staging. 18 The enzyme deoxycytidine kinase (dCK) phosphorylates and metabolizes the prodrug, gemcitabine, to its active metabolites, which then target cancer cells for cell death. HuR, has been linked to gemcitabine metabolism, by binding to dCK mRNA and affecting dCK protein levels thereby changing gemcitabine efficacy in PDA cells. 19 These data have clinical implications as high cytoplasmic HuR status in patient samples correlated strongly with increased overall survival in patients receiving gemcitabine-based therapy. 19, 20 In cancer, HuR provides an advantage to a cell under stress by supporting an anti-apoptotic network. 13, 21 For example, HuR can bind to the mRNAs encoding the pro-survival proteins SIRT1, Bcl-2, Mcl-1 and ProTα and enhance their expression. 13 More recently, HuR was shown to mediate the expression of the intrinsic cellular caspase inhibitor (XIAP), and this connection was linked to HuR's ability to protect against cell death. 22 Another study showed that HuR regulates an anti-apoptotic program via its direct effect on MEK-1. 21 These studies underscore the importance of HuR activation as a master post-transcriptional regulator of pro-survival/anti-apoptotic pathways. 13 Previous research has shown that caspase-3 cleaves HuR and potentially results in increased apoptotic signaling. 23 However, HuR's regulatory role in the extrinsic apoptotic pathway has not been clearly elucidated. Thus in order to understand completely the connection between HuR and the extrinsic apoptotic pathway, we investigated HuR's interaction primarily with DR5, the main trigger of this pathway.
Results
HuR associates with the 5' UTR of DR5 mRNA after stress. Baseline levels of DR5 were established in PL5, PL45 and MiaPaCa2 PDA cell lines by RT-qPCR after RNA extraction. cells were treated with staurosporine (positive control) or varying doses of DR5 agonist; 24 h later, analysis of whole-cell lysates by western blotting revealed cleavage of HuR (CP1 24 kDA) and caspase 8 (CASP8) (p43/p41) at several doses of DR5 agonists (Fig. 4A) ; by contrast, even at extremely high doses (above any accepted clinical doses) of gemcitabine (1 mM), there was no cleavage of HuR. Twenty-four hours after cells were treated with staurosporine (1 mM, included as an established positive control 23 ) or DR5 agonist at varying doses, cytoplasmic extracts were obtained using digitonin solution. Western blot analysis revealed that HuR translocated to the cytoplasm in a dose-dependent manner (Fig. 4B) . In the extrinsic apoptotic pathway, CASP8 leads to activation of caspase-3 (CASP3), which has been shown to cleave HuR resulting in CP1 and CP2. 23 Our data show that at high doses of DR5 agonist, HuR is cleaved, likely in a caspasedependent manner (Fig. 4A) , 23 and at treatment with lower doses of DR5/TRAILR2 antibody, HuR translocates to the cytoplasm only without cleavage (Fig. 4B) . decreased luciferase expression (Fig. 3B ) compared with both an empty vector control and two previously defined DR5-3' UTR fragments (pCHEK.3UTRa and pCHEK.3UTRb) indicating that HuR regulated DR5 expression through the DR5 5' UTR. 28 MiaPaCa2 cells were then treated with DR5/TRAIL antibody causing further reduction of luciferase activity at the 5' UTR (Fig. 3C, left) . These results were confirmed using RT-qPCR with a luciferase probe; the lowest luciferase expression was in the group correlating with binding to the 5' UTR (Fig. 3C, right) . Next the cells were treated with HuR siRNA that showed a modest decrease in the luciferase activity in an untreated group and a reversal of the trend in the group treated with DR5 antibody (Fig. 3D) . RIP-SEQ data corroborated an interaction between HuR and DR5 mRNA at the 5' UTR (see Materials and Methods for details and related to their ability to avoid HuR regulation of DR5 expression ( Fig. 2A and C) , consistent with our finding above (Fig. 2C) .
In order to verify that HuR affects DR5 sensitivity, HuR was overexpressed in MiaPaca2 cells using GFP tagged HuR plasmid (Fig. S1) and then a long-term drug sensitivity assay was performed. Cells with increased levels of HuR had a slight decrease in sensitivity to DR5/TRAILR2 antibody compared with the control group (Fig. 5D) .
To begin to test the clinical relevance of our findings, we used a set of PDA clinical specimens and identified a strong correlation between HuR cytoplasmic expression and DR5 levels in nearly 80% (42 of 53) of the specimens (see Materials and Methods for description of scoring, as described previously for HuR). 19 PDA samples were obtained from resected PDA patients at TJU under IRB consent. We have previously published a similar percentage of cytoplasmic HuR positive patients in naively treated resected patients. 19, 20 Cytoplasmic levels of HuR in these PDA patients are
Functional relevance of HuR-regulation upon DR5 agonist treatment of pancreatic cancer cells. Since silencing HuR expression (Fig. 1C) increases DR5 protein levels, we hypothesized that silencing HuR expression could alter the effectiveness of the extrinsic apoptotic pathway after agonism with DR5/TRAIL. Using MiaPaCa2 cells, HuR was silenced by 88% (Fig. 5A) . Silencing HuR led to an ~11% increase in apoptosis as measured by ANNEXIN V staining in MiaPaCa2 cells exposed to DR5 agonist (0.06 μg/ml, 8 h; Fig. 5B) . To determine the results of treating multiple cell lines with DR5 agonist, a long-term drug sensitivity assay was performed. After treating MiaPaCa2, PL45, BxPC3 and PL5 cells with a range of DR5 agonist doses, PL5 cells had the greatest resistance to the drug (Fig. 5C) . Even in the presence of high doses, PL5 cells never approached a 50% inhibitory concentration (IC 50 ); however, MiaPaCa2 cells had an IC 50 of ~0.03 μg/mL while PL45 cells had an IC 50 of ~0.09 μg/mL (Fig. 5C) . The resistance of PL5 cells to the DR5 agonist may be were treated with huR siRNA or control siRNA and co-transfected with luciferase constructs demonstrating that luciferase activity was lower in the huR siRNA group. In the group treated with DR5/TRAILR2 antibody, the trend was reversed. see Table 1 for all DR5 mRNA:huR protein interactions.
most likely due to hypoxic events induced by the tumor microenvironment. 29, 30 The top panel (Fig. 6A) is a representative example of a PDA specimen with low or absent cytoplasmic HuR (right) that has high DR5 intensity (left). The bottom panel is a representative example of a PDA specimen with elevated cytoplasmic HuR (right) that has low DR5 intensity (left) (Fig. 6A) . This observation is strikingly consistent with our in vitro data (Fig. 2) and provides evidence for a primary role of HuR in the extrinsic apoptotic pathway (Fig. 6A and B) . Statistical analysis revealed an odds ratio of 16.1 (4.1, 63.2; p < 0.0001) (Fig. 6B) .
Discussion
We have presented evidence that HuR plays a role in a core apoptotic pathway disrupted in PDA cells 1 at least in part by binding to the DR5 mRNA and regulating DR5 protein expression. Our data demonstrate that HuR binds to DR5 mRNA at the 5' UTR as previously described for other HuR-repressed targets such as IGF-1R and p27 mRNAs 16 thus inhibiting DR5 translation. This is supported by the data that low levels of HuR obtained by treating cells with HuR siRNA correlates with higher levels of DR5 protein.
studies will uncover additional mechanistic aspects of post-transcriptional gene regulation of DR5 and its impact upon DR5 protein levels. Other ongoing work includes attempting to further understand the function of CP1 in cells and uncover the exact signal by which CP1 may provide feedback to HuR and DR5 mRNA. 32 Our data along with others show that HuR can assert its influence and be influenced at many points in this powerful apoptotic pathway. 13 Confirmatory studies in other tumor systems will determine if all cancer cells select for HuR's ability to modulate or put the brakes on DR5-directed signaling in an effort to avoid apoptosis. Based on the results uncovered here and the mounting evidence that HuR modulates apoptosis, 23, 31 further investigation of HuR as a predictive marker and target in PDA cells is warranted.
Materials and Methods
Cell culture. PDA cell lines MiaPaCa2, BxPC3, PL45 and PL5 were purchased from the ATCC and cultured at 37°C in Dulbecco's modified Eagle's medium (Gibco/Invitrogen) supplemented with 10% fetal bovine serum (Gibco/Invitrogen) 1% l-glutamine (Gibco/Invitrogen) and 1% penicillin-streptomycin (Invitrogen).
Transfections. PCR products corresponding to the 5' and 3' UTR of DR5 were purified and cloned into a Promega psiCheck2 luciferase vector (Promega). MiaPaCa2 cells were then plated to 60% confluency in 6-well plates and transfected using Lipofectamine 2000 (Gibco/Invitrogen) and Optimem (Gibco/ Invitrogen); double transfections were performed where indicated. After 48 h, cells were lysed and luciferase activity was assayed using a luciferase assay reporter kit (Promega). For double transfections, the cells were transfected first with 1 μM of HuR siRNA or control siRNA followed 24 h by the luciferase construct transfection described above. Furthermore, our data support the previous notion that HuR enhances an anti-apoptotic network. 13 Cells depleted of HuR have increased apoptosis (Fig. 5B) . In addition, overexpression of HuR correlates with decreased sensitivity to DR5/TRAILR2 antibody (Fig. 5D) . Therefore, HuR may act to acutely inhibit the extrinsic apoptotic pathway through its inhibition of DR5 protein production. This, in turn, may lead to decreased initiation of the caspase cascade. Our results indicate that when DR5 is severely stressed (high doses DR5/TRAILR2 antibody), HuR is cleaved based on previous work in a caspase-dependent manner. 23 Therefore, by inhibiting DR5 protein expression, HuR may in fact be protecting itself from caspase-dependent cleavage. This notion would support HuR as functioning in a feedback mechanism.
In a scenario of physiologic relevant stress (such as hypoxia) DR5 is engaged by its ligand and following this engagement, elevated levels of cytoplasmic HuR may act in a negative feedback loop and downregulate DR5 expression levels. These data may be most relevant under harsh tumor microenvironment conditions, where PDA specimens with high cytoplasmic HuR levels correlate with a poor pathologic feature (T staging). 20 In this circumstance, downregulation by HuR may be advantageous for the cancer cell to escape apoptosis so these cells may be selectively increased in the tumor. 3, 13 The precise role and/or relevance of HuR cleavage (CP1) in this pathway is currently under investigation, although others have linked this event to pp32's induction of apoptosis. 23, 31, 32 Clinically, we have previously shown that cytoplasmic HuR levels in PDA specimens can be a useful predictive marker for gemcitabine therapy. 19, 20 Based on our current results, the cytoplasmic HuR levels could also be a predictive marker for DR5-targeted therapy, given the inverse relationship between cytoplasmic HuR abundance and DR5 intensity in patient tumors (p < 0.0001, Fig. 6 ). For example, low cytoplasmic HuR levels in a patient's tumor could predict a positive response to DR5-based therapy, while elevated cytoplasmic HuR levels would be better stratified to gemcitabine therapy. 19, 20 In addition, the correlation between low DR5 and high HuR seen in patient samples supports the data in vitro that HuR represses DR5 protein expression. Of note, one cell line (PL5) demonstrated resistance to DR5-agonist and HuR regulation (Figs. 2  and 5C ). These cells may have either a defect in the extrinsic pathway or may represent cells that have an HuR-independent drug resistance mechanism.
Ongoing experiments include identifying if the association of HuR with DR5 mRNA leading to the regulation of DR5 is dependent on cell lineage, the type of stressor and/or the contribution of other RNA-binding proteins or microRNAs. 28 These HuR siRNA or control siRNA (Applied Biosystems/Ambion) using Oligofectamine (Invitrogen). For the Green Fluorescent Protein (GFP)-tagged HuR vector (donated to us from Dr Imed Gallouzi, McGill University), we performed stable transfections as previously described. 19 
Ribonucleoprotein immunoprecipitation (RIP) analysis.
Twenty million MiaPaCa2 cells were plated to ~65% confluency in T-150 flasks. Cells were treated with 1 μM Gemcitabine (Eli Lilly), 75 μM ABT-888 (Abbot Laboratories), and/or 0.06 μg/mL DR5/TRAILR2 monoclonal antibody (R&D Systems) for 4 h. Cells were then trypsinized and washed with DPBS (Gibco/ Invitrogen). After lysis, immunoprecipitation was performed using anti-HuR and IgG antibodies (MBL International) as described. 19 The RNA was quantified by RT-qPCR using an ABI 7500 machine; GAPDH mRNA was included as loading control.
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Whole cell and cytoplasmic protein extracts for western blotting. MiaPaCa2 cells were treated for 3 h with 1 mM gemcitabine (Eli Lilly), 1 mM staurosporine (STS) (Sigma Aldrich), and 0.03, 0.06 or 0.8 μg/mL DR5/TRAILR2 monoclonal antibody (R&D Systems). Whole-cell lysates were fractionated by using 10% Bis-Tris Gels (Gibco/Invitrogen). After transfer, membranes were incubated with a primary polyclonal antibody recognizing Caspase-8 (Cell Signaling) or a primary monoclonal antibody recognizing HuR (Santa Cruz, Inc.) at a dilution of 1:1,000 in 5% BSA (Cell Signaling). The corresponding secondary antibodies were used at 1:10,000 dilutions (Santa Cruz, Inc.).
To study the influence of TRAIL2/DR5 on HuR subcellular localization, MiaPaCa2 cells were plated to ~70% confluency in T-75 flasks and treated with 0, 0.03, 0.06, or 0.8 μg/mL of TRAILR2/DR5 monoclonal antibody (DR5 agonist, R&D Systems) for 4 h. Cytoplasmic protein lysates were collected using the NE-PER Nuclear and Cytoplasmic Extraction Kit (Thermo Scientific). Lysates were loaded onto 10% Bis-Tris gels. After electrophoresis and transfer, membranes were incubated with primary anti-HuR mouse antibody (at a dilution of 1:1,000) for 12 h in 5% milk. Secondary antibody incubations (1:10,000 goat anti-mouse antibodies) were performed for 1 h in 5% milk. Alpha tubulin served as loading control.
Expression of DR5 in PDA cells after HuR silencing. Pancreatic cancer cell lines cultured for 48 h following transfection with HuR or control siRNA were harvested with TrypLE Express (Invitrogen), immunostained with a phycoerythrin (PE)-conjugated anti-human DR5 (clone DJR2-4) mAb (BioLegend) or PE-conjugated isotype control antibody, and analyzed for DR5 expression by flow cytometry. Cells were analyzed using FlowJo software (Tree Star, Inc.), calculating the relative mean fluorescence intensity (MFI) of each histogram.
RNA isolation and qPCR analysis after HuR siRNA. RNA was isolated using the RNA minikit (Gibco/Invitrogen) and was used for RT-qPCR analysis as explained above, with 10-75 ng of cDNA per reaction using primer pairs for 18S (internal control), HuR and DR5 mRNAs.
Membrane bound protein isolation and DR5 western blotting. For protein isolation after HuR siRNA transfection, cells were pelleted and resuspended in 50 μl RIPA buffer antibodies were applied to slides and incubated as described. 19 Staining intensity (strong vs. weak) and cellular localization (nuclear vs. cytoplasmic) were scored. Based on the percentage of stained cells (> 70% vs. < 70%) the expression was scored as described. Specifically for DR5, staining intensity and the proportion of immunopositive cells were examined. Intensity supplemented with protease inhibitors and 10 mM Iodoacetamide, and placed on ice for 2 h with vortexing every 30 min. Cells were then pelleted at 12,000 rpm for 10 min and the supernatant was transferred into a fresh tube for protein quantitation (BCA assay). Lysates were size-fractionated on a 4-12% BisTris gel (Gibco/Invitrogen) and transferred for 16 h, whereupon membranes were blocked and incubated with DR5 Ab (1:1,000, ProSci cat no. 2019).
Cell death assessment. Eight million MiaPaCa2 cells were plated to ~50% confluency in T75 flasks. Cells were washed with Opti-mem and transfected with 1 μM of HuR or control siRNA. Five hours later, cells were further cultured with 10% fetal bovine serum with no additional treatment or with 0.8 μg/mL of TRAILR2/DR5 monoclonal antibody for 36 h.
For ANNEXIN V staining, MiaPaCa2 cells at 60% confluency were transfected with 1 μM of HuR siRNA or control siRNA; 48 h later, cells were treated with 0.06 μg/ mL of TRAILR2/DR5 monoclonal antibody (R&D Systems) for 8 h compared with control cells. Apoptotic activity was then measured using the Vybrant Apoptosis Assay Kit #10 (Invitrogen) and calculated using flow cytometry.
Pico-green analysis. Cells were plated at a confluence of 1 × 10 4 cells per well in a 96-well plate. They were then subjected to multiple treatments of the DR5 agonist ranging from 0.06 to 1.92 μg/mL. For Pico-Green analysis, cells were washed twice in PBS, lysed using deionized water, and stained using Quant-iT PicoGreen dsDNA reagent (Invitrogen) at 1:200. The plates were analyzed using a plate reader.
Patient samples and immunohistochemical staining (HuR and DR5). The Thomas Jefferson Office of Human Research which includes the Thomas Jefferson UniversityInstitutional Review Board (IRB) approval and informed consent were obtained for all samples from patients included in this study. This approval was given in written form for all patients used in this study. All samples were blinded and were in complete compliance with IRB. We performed these studies under an IRB approved tissue banking protocol. Formalin-fixed, paraffin-embedded blocks were processed as previously described. 19, 20 Immunostaining was performed on 53 resected PDA specimens from the Thomas Jefferson University pathology archives, with IRB approval. Patients received gemcitabine, alone or in combination with resulting read count for exon was normalized to the length of the corresponding coding region for which it mapped to resulting in the number of sequence per exon length. These values were further normalized to the corresponding value of the 5-28S ribosomal subunit to normalize the sequence value between the gemcitabine treated and untreated samples. The base-2 logarithm was calculated by the 5-2S normalized value of gemcitabine treated relative to the non-treated sample.
For genes to have significant differential HuR occupancy, they were required to meet a criteria that required minimum number of reads at a given site as well as a minimum of 2x differential expression between HuR-IP gemcitabine treated and HuR-IP untreated (control) (note: for these RIP-assays, we utilized an established HuR stressor, gemcitabine).
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of staining was graded on a scale range from 0 to 3, according to the following semi-quantitative assessment: 0 = no detectable staining, 1 = weak staining, 2 = moderate staining, 3 = strong staining. The percentage of immunopositive cells was scored as a percentage of positive cells present in 200 tumor cells and divided in four categories: 0 ≤ 5%; 1 = 6-30%; 2 = 31-50%; 3 ≥ 50%. The final staining score was derived from the sum of the intensity score added to the percentage of staining cells score. Cases with score equal to or higher than 7 were considered as showing high DR5 expression. 19, 20, 24 RIP-sequencing. Less than 100 ng of RNA was sequenced on the SOLiD 4 sequencer (Life Technologies) following the manufacturer's protocols. Sequence reads were mapped to the human genome assembly hg19 using the BWA algorithm. 25 Each read's own quality value was used to perform quality trimming. Additionally a maximum of two mismatches were allowed, and only those sequence reads uniquely mapping to the genome were further considered for expression analysis. The uniquely mapped sequence reads were aligned to the coding regions of the ENSEMBL genome build 37. The sequencing was performed on the SOLiD in the Cancer Genomics Genomics Lab, TJU.
To estimate the HuR occupancy at each transcript, the following scheme was used. For each transcript we determined the total number of uniquely mapped reads intersecting with its exon. The
